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INTRODUCTION 41 42
Silicon (Si) is the 2nd-most abundant element in the Earth's continental crust (Si ~28 43 wt.%; Rudnick and Gao, 2003) and is an important element in many geo-and biochemical 44 cycles (e.g. Tréguer termed the "igneous array" for Si isotopes. Deviations from this array can be used as 64 evidence of sediment anatexis and assimilation, which is consistent with the composition ofmany granites (Zambardi and Poitrasson, 2011; Savage et al., 2012) . Surprisingly, this is notwith SiO 2 ranging from 41 to 67 wt.%. Thermobarometric techniques indicate that most of 141 the xenoliths equilibrated in the lower continental crust (between 26 and 40 km), with only 142 one sample, 85-107, displaying cooler temperatures indicative of a shallower (~18 km) 143 origin. Equilibrium mineral assemblages suggest that minimal temperature and/or pressure 144 variations have affected the samples since peak granulite metamorphism, and post-eruptive 145 alteration is also limited. Strontium-neodymium isotope systematics suggests that the samples 146
formed by mixing of a mantle-derived basaltic melt with pre-existing crustal material 147 (possibly represented by the meta-sedimentary xenoliths) and subsequent magmatic 148 differentiation (Rudnick, 1990) . 149
The McBride xenoliths represent a range of protoliths, providing clear evidence for a 150 chemically heterogeneous lower crust. Of the five mafic granulite facies xenoliths analysed in 151 this study, two are "two pyroxene granulites", representative of basaltic melts (85-100 and 152 85-120). The other three are garnet-clinopyroxene granulites, two of which are melt-depleted 153 restites (83-159 and 85-114), the other a mafic cumulate (85-107). As well as mafic material, 154 two felsic granulites (83-160 and 83-162) composed of quartz, garnet and K-feldspar (83-160 155 also has major plagioclase and orthopyroxene) were analysed. These have protoliths similar 156 to the Phanerozoic calc-alkaline granitoid rocks present at the surface in the McBride 157 volcanic province. Intermediate-composition granulite facies xenoliths from this suite are 158 interpreted to have a sedimentary protolith; sample 83-157 is a metapelite composed of major 159 plagioclase, garnet quartz and orthopyroxene. All sample and protolith information is taken 160 from Rudnick and Taylor (1987) . 161 162
Chudleigh xenolith suite, Queensland, Australia 163
To complement the McBride suite, eight granulite facies xenoliths were analysed from 164 the Chudleigh volcanic province, northern Queensland, Australia. As with the above samples,the Chudleigh xenoliths were taken from a suite already well-characterised for major and 166 trace elements as well as radiogenic (Sr, Nd, Pb, Os) and stable (O, Li) isotopes (Rudnick et The Chudleigh xenoliths used in this study are described in detail by Rudnick et al. 170 (1986 the other two types; sample BC). Despite little variation in major element compositions, the 179 large mineralogical differences indicate a wide range of equilibration depths, between 20 and 180 40 km, and also large temperature differences of between 600 and 1000ºC (Rudnick and 181 Taylor, 1991) . High Si/Na ratios in the samples provide evidence that the xenoliths are 182 unlikely to represent equilibrium melt compositions, instead, they are inferred to be igneous 183 cumulates, formed in a system where plagioclase was subordinate to ferromagnesian phases. 184
Sr-Nd systematics suggest that the cumulates and a coexisting melt phase (which is not 185 represented in the Chudleigh xenoliths) evolved through AFC processes (Assimilation and  186 Fractional Crystallisation; DePaolo, 1981), whereby mantle-derived basaltic melt assimilated 187 a pre-existing felsic crustal source and evolved through magmatic differentiation (Rudnick et 188 al., 1986 In brief: ~10 mg of sample powder was added to a silver crucible with ~200 mg of 211 analytical grade NaOH flux (Merck) in pellet form. The crucible was heated to 720ºC for 12 212 minutes, removed and left to cool, then placed in ~20 ml of MQ-e (18.2 MΩ) water. After 24 213 hours, the fusion cake was transferred into solution, again in MQ-e water, and acidified to 1% 214 v/v with HNO 3 . Silicon concentrations were analysed using a spectrophotometer and fusion 215 yields were assessed. The average yield for this study was 100 ± 3 % (2 s.d.) for 16 fusions; 216 no aliquot with a yield less than 97% was measured. 217
Sample solutions were purified before mass spectrometry using a single-pass column 218 technique using BioRAD AG50W X12 200-400 mesh cation resin, and acidified to 1% v/v 219 HNO 3 before analysis (Georg et al., 2006) . There is no evidence for matrix effects from other 220 anionic species on the measured Si isotopic ratios (Georg et al., 2006) , and the external 221 standards BHVO-2 and Diatomite were routinely analysed to assess method accuracy and 222
reproducibility. 223
Isotopic measurements were made using a Nu Instruments Nu Plasma HR High 224
Resolution Multi-Collector Inductively-Coupled-Plasma Mass Spectrometer (HR-MC-ICP-225 MS). Samples were aspirated using a 6 mm PFA concentric microflow nebuliser and 226 desolvated using an Aridus II (Cetac, NE, USA). Isotopic analyses were made at "medium" 227 resolution (resolving power M/ΔM ~ 3300, where ΔM is defined at 5% and 95% for peak 228 height; Weyer and Schwieters, 2003) 
Granulite facies xenoliths 258
Silicon isotope data for the granulite facies xenoliths are given in Table 1 
Silicon isotopic variation in the McBride xenolith suite 336
The McBride xenolith suite consists of samples that are genetically unrelated, in that 337 there are no obvious correlations with major or trace elements (Rudnick and Taylor, 1987) , 338
hence there is little risk of cogenetic bias. Also, the samples yield a wide spread of zircon 339 ages, sampling lower crust that has formation ages spanning millions of years (betweenProterozoic and Permo-Triassic; Rudnick and Williams, 1987) . Lastly, the wide range of 341 protolith lithologies represented by the McBride xenoliths contain most (if not all) of the rock 342 types that are thought to comprise the lower crust (e.g. Rudnick and Fountain, 1995) . 85-114) could be generated, by partial melting of a basaltic protolith, creating a isotopically 376 heavy feldspathic melt and a relatively light refractory restite. This is not to suggest that this 377 xenolith suite is cogenetic; rather the predictability of Si isotopes during magmatic 378 differentiation is such that even unrelated samples can be easily modelled using a single bulk 379 Δ 30 Si solid-melt value. 380
Although this simple framework can adequately explain the Si isotopic variation, 381 other isotope data indicate that petrogenesis of the McBride xenolith suite was not simply 382 closed-system magmatic differentiation. In particular, the Sr, Nd and O isotope compositions 383 of the xenolith suite do not lay within the ranges for mantle material (Fig. 3 & 4) , suggesting 384 that a significant amount of assimilation of an evolved crustal source occurred during 385 petrogenesis (Rudnick, 1990; Kempton and Harmon, 1992 Sr and εNd (Fig.  390 3; Nd not shown). This is good evidence that assimilation of an isotopically evolved crustal 391 component has not resolvably affected the Si isotope composition of the xenoliths. 392
Previous work on the McBride xenoliths used AFC processes (assimilation and 393 fractional crystallisation) to explain the Sr and Nd isotopic variations (Rudnick, 1990) . Here, 394
Sr and Nd isotope compositions were successfully modelled using an elevated r value (where 395 r is the ratio of assimilant flux to cumulate formation) of 0.9, and minor fractional 396 crystallisation (f = 0.9-0.95, where f is fraction of melt remaining). Si is unfractionated relative to the mafic melt. 404
One way to explain this is to invoke a separate AFC trend for the felsic samples, as 405 these xenoliths are not cogenetic. A good match to the data is returned using a much lower r 406 value (0.2) and larger melt depletion (~70%); however, such low r values are physically 407 unlikely for the hot lower crust, where rocks are already near melting (James, 1981) . More 408 probable, the felsic samples can be easily explained via partial melting of a basaltic source, 409 which earlier formed along the AFC r=0.9 trend. Partial melting would fractionate δ 30 Si 410 parallel to the "igneous array" line in Figure 3 but (Fig. 4) . 427 and an increase in the polymerisation degree of a melt will result in variations in the mineral-536 melt fractionation factors. Nevertheless, the data provide evidence that the Si isotopic 537 compositions of the Chudleigh xenoliths are controlled predominantly by mineralogy, with 538 subtle isotopic variations introduced by compositional changes in the coexisting melt phase. 539
On the basis of these data, it appears that the lower continental crust is not a hidden light 540 reservoir for Si isotopes. 541 542
Silicon isotopic composition of the lower and middle continental crust 543
There are a number of ways with which the xenolith data can be used to calculate a Si 544 isotope composition for the LCC. The first is to take a simple arithmetic mean, which gives a 545 value of δ 30 Si = -0.29 ± 0.15 ‰ (2 s.d.; Table 2 Si calculated using 582 various methods suggests that this value is better constrained than the precision indicates. 583
Using a 95% standard error reflects the precision of this mean at the 95% confidence level, 584
and gives a more precise estimate of δ 30 Si = -0.29 ± 0.04 ‰ (95% s.e.). As an aside, the 2 s.d. 585 calculated using the various average δ 30 Si lower crust compositions given in Table 2 is even 586 smaller (± 0.03 ‰). 587
Note that this value is identical to that of BSE (Savage et al., 2010) . It was predicted 588 that, because mafic mineral phases have relatively light Si isotopic compositions, the process 589 of fractional crystallisation would create cumulate material with correspondingly lightcompositions; therefore, the cumulate-dominated lower crust should also be isotopically light 591 relative to basalt and BSE. Here this hypothesis is disproven, as cumulate lithologies display 592 a wide range of Si isotope compositions, comparable to those of other igneous rocks (Fig. 1) ; 593 as such, the LCC has an isotopic composition that is more heterogeneous but almost identical 594 on average to the mantle. 595
The composition of the middle crust can also be estimated using the weighted mean 596 method and the lithological method as described above; these estimates are also presented in 597 Table 2 . This method relies on some assumptions and a more robust estimate would make use 598 of Si isotope analyses of middle crustal lithologies (i.e. granulite and amphibolite facies 599 terranes), however, the exercise can give with a first order estimate. McBride data provides good evidence that samples do not need to be cogenetic for their Si 618 isotope compositions to exhibit this relationship; rather, they simply need to represent 619 equilibrium melt compositions, and therefore this relationship appears to be a fundamental 620
property of the Si isotope system. 621
Silicon isotope analysis has also provided insights into the petrogenesis of the 622 
